Background-The formation of coronary artery neointima experimentally induced in piglets after cardiac transplantation is related to an immune-inflammatory reaction associated with increased expression of T cells and inflammatory mediators (tumour necrosis factor a and interleukin 1/I) and upregulation of fibronectin. In vivo blockade of tumour necrosis factor a in rabbits after cardiac transplantation results in reduced neointimal formation. The objective of this study was to investigate the hypothesis that coronary restenosis after atherectomy or percutaneous balloon angioplasty is associated with a similar inflammatory cascade initiated by mechanical injury. Methods-Specimens taken at coronary atherectomy were analysed from 16 patients. Nine had had the procedure performed twice, firstly, to remove a primary lesion, and secondly, to remove a restenotic lesion. Seven had percutaneous balloon angioplasty after removal of restenotic tissue. Coronary atherectomy specimens were analysed by immunohistochemistry for the presence of T cells, macrophages, major histocompatibility complex II, interleukin /lp, tumour necrosis factor a, fibronectin, and the receptor for hyaluronan mediated motility. Results-The groups were clinically and angiographically similar with equivalent lumens before and after atherectomy. Restenotic lesions had increased expression of tumour necrosis factor a and fibronectin compared with the primary lesions (P < 005 for both). There was also a trend towards a greater number of T cells and increased expression of interleukin 1lp.
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Conclusions-Restenosis is associated with increased expression of tumour necrosis factor a and fibronectin, suggesting that an immune-inflammatory reaction probably contributes to neointimal formation and may represent a form of wound healing and repair secondary to mechanical injury.
(Br Heart _ 1995;73:534-539) Keywords: inflammatory cells; cytokines; matrix; restenosis The mechanisms underlying coronary artery restenosis after percutaneous transluminal procedures are poorly understood. Although smooth muscle cell proliferation may play a part,' some reports suggest that it is not a prominent feature of the lesion.2 The role of other factors associated with vascular injury and repair, such as the production of extracellular matrix and inflammation, should therefore be considered in restenosis.
We found that intimal thickening in the ductus arteriosus is associated with smooth muscle cell migration, which is related to increased production of fibronectin and expression of the receptor for hyaluronan mediated motility.'34 We also found that neointimal formation in piglet coronary arteries after cardiac transplantation is associated with increased endothelial and smooth muscle cell fibronectin synthesis induced by tumour necrosis factor a and interleukin lfl after an immune inflammatory reaction. [5] [6] [7] We hypothesised that a similar immuneinflammatory mechanism may occur in coronary artery restenosis as a consequence of mechanical injury. In this study, we compared specimens taken at coronary atherectomy from a select group of patients who had the procedure twice-that is, for both primary and restenotic lesions. We also studied atherectomy specimens obtained from a clinically similar group of patients who had atherectomy for restenotic lesions after balloon angioplasty. (1:500 dilution, ascites fluid, UBI, New York, NY) which does not recognise plasma fibronectin. Cells expressing the receptor for hyaluronan mediated motility were localised using a polyclonal antibody (1:1000 dilution).9 Positive characterisation of smooth muscle cells present in the tissue was performed using a monoclonal antibody to a actin in a 1:400 dilution (immunoglobulin G,a, Sigma, St Louis, MO). After incubation with the appropriate secondary antibodies, the sections were developed with 3,3'-diaminobenzidine (Sigma). Control sections were treated with phosphate buffered saline alone or with appropriate normal isotypic immunoglobulin G (Dakopatts Corporation).
As previously described,5 the amount of each specific antigen in the plaque was semiquantitatively assessed (table) by three independent observers (NC, SM, MR) who were blinded as described above. The scoring system considered both the area of tissue with positive staining and the intensity of staining. A random sample of cases was also reviewed by a fourth investigator (AIG), independently, as an internal control mechanism. An overall agreement of greater than 80% of grading scores was achieved among the readers.
STATISTICAL ANALYSIS
Results are expressed as means (SE). Continuous variables of interest were assessed in primary and restenotic lesions by analysis of variance with post-hoc paired subgroup testing performed by Neuman-Keul's analysis that took into account the P value correction for multiple comparisons. The association between restenosis and categorical variables from the immunohistochemistry studies was analysed with Fisher's exact test. Differences were considered significant if P < 0 05.
Results

CLINICAL AND ANGIOGRAPHIC CHARACTERISTICS (MEAN (SEM)) OF THE
PATIENTS
All 16 patients were men, they were of comparable age at the time of restenosis and primary atherectomy or percutaneous transluminal coronary angioplasty (56 (4) and 60 (4), respectively). The incidence of risk factors for coronary artery disease and unstable angina was similar. The time to reintervention for restenosis was not significantly different: 197 (34) days after atherectomy (median 210) and 107 (50) days after percutaneous transluminal coronary angioplasty (median 46) (P = 0-15), although it was longer after primary atherectomy because one patient in the group had reintervention at 390 days.
The degree of stenosis was similar when the primary atherectomy or percutaneous transluminal coronary angioplasty was performed (67-4% (4.0%) and 63-3% (3.2%), respectively). The degree of restenosis after atherectomy was 67-7% (4 5%) and after percutaneous transluminal coronary angioplasty 63-5% (4 3%). The percentage of residual diameter stenosis after the atherectomy for restenosis was also similar: 26-3% (7 4%) and 28-9% (5 2%), respectively.
HISTOPATHOLOGY AND IMMUNOHISTOCHEMISTRY
There were no significant differences in the relative amounts of fibrosis or cellularity when comparing primary atherectomy tissue with the restenotic lesions after atherectomy and balloon angioplasty. The Thrombus was not evident, however, in seven additional patients with unstable angina, but fresh microthrombi might have been lost during the procedure or on retrieval of tissue, or both.
The pattern of immunostaining observed for major histocompatibility complex class II antigens was similar in all specimens. The numbers of T cells were increased in restenotic lesions compared with primary lesions. None of the nine cases of primary lesions showed more than mild staining, whereas in five of the 16 cases of restenosis (3/9 after atherectomy and 2/7 after percutaneous transluminal coronary angioplasty), showed moderate to intense staining. Specimens from six of the nine patients who had repeat atherectomy showed increased staining for T cells in the restenotic lesions compared with the primary lesions. Only one of the nine primary lesions showed more than mild staining for macrophages, whereas four of the 16 cases of restenosis (two out of nine after atherectomy and two out of seven after percutaneous transluminal coronary angioplasty) showed moderate to intense staining. Also, in four of the nine patients who had repeat atherectomy macrophages stained darker in the restenotic lesions than in the primary lesions. In all specimens examined, the pattern of immunostaining for T cells and macrophages was mostly focal (figure and  table) .
Staining for tumour necrosis factor a was significantly higher (> mild) in restenotic than in primary lesions (P < 0-05). Only one out of nine primary lesions showed more than mild staining for tumour necrosis factor a, whereas nine out of 16 cases of restenosis (4/9 after atherectomy and 5/7 after percutaneous transluminal coronary angioplasty) had moderate to intense staining. In patients who had repeat atherectomy, staining for tumour necrosis factor a was more intense in seven out of nine restenotic lesions than in the primary lesions (figure and table) .
Immunoperoxidase staining for interleukin 1lJ was no more than mild in all of the primary lesions, whereas five out of 16 cases of restenosis (4/9 after atherectomy and 1/7 after percutaneous transluminal coronary angioplasty) showed moderate to Grading system: (-), negative; (±), minimal; (+), mild; (+ +), moderate; (+ + +), high.
tumour necrosis factor a seemed to be associated with smooth muscle cells, inflammatory cells, and the extracellular matrix (table) .
Immunostaining for fibronectin was significantly greater in restenotic than in primary lesions (P < 005). Only two of the nine primary lesions showed more than mild staining, whereas 1 1 of the 16 restenotic lesions (6/9 after atherectomy and 5/7 after percutaneous transluminal coronary angioplasty) showed moderate to intense staining. In five of the nine patients who had repeat atherectomy the restenotic lesions stained more strongly for fibronectin than did the primary lesions. In all specimens the pattern of fibronectin accumulation observed was both diffuse and focal and present in areas of both low and high cellularity (figure and table) .
None of the nine primary lesions showed more than mild staining for the receptor for hyaluronan mediated motility, whereas three of the 16 restenotic lesions (2/9 after atherectomy and 1/7 after percutaneous transluminal coronary angioplasty) had moderate to intense staining. The pattern of staining for the receptor for hyaluronan mediated motility was usually focal, associated with cells which seemed to be both smooth muscle cells (positive staining for a actin; especially obvious in those with a motile elongated phenotype) and inflammatory cells (as judged by cell markers previously described), but the receptor for hyaluronan mediated motility was also evident in the extracellular matrix ( 
